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Frontispiece.—The sternal muscles, leg, fat strip, and visceral fat as they appear after being excised from a hen pi i
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ENVIRONMENTAL FACTORS
are recognized as the primary forces
dictating the distribution, abundance,
and physical condition of pheasants
(Phasianus colchicus) and all other
game species. These forces, whether
beneficial or detrimental, manifest
themselves within the physiological
mechanisms carrying on the life pro-
cesses of individuals constituting ani-
mal populations. Thus, it might be
said that the physiological status of an
animal is the expression of all ofthe
environmental factors acting on the
animal. This study elucidates changes
in selected physiological parameters of
wild pheasants in Illinois in relation to
stresses that occur during the life cycle
of this game bird.
The study was initiated in 1966 to
provide base lines for evaluating the
physiology of pheasants in fair and
poor range in Illinois (Anderson 1969).
However, it soon became evident that
the findings provide information ap-
plicable not only to the practical man-
agement of pheasants, but to the basic
knowledge about birds in general.
Equally important, the findings pro-
vide background information for other
studies, particularly those concerned
with the effects of organic pesticides,
toxic minerals, and other environmen-
tal pollutants on birds. The actions of
toxins in birds appear to be strongly
influenced by the physiological status,
especially the stage of energy balance,
of the specimens being studied. Thus,
whether test specimens are in positive
or negative energy balance is minimal
background information for any study
of interrelationships between toxic
substances and birds.
This investigation was inspired by
Kirkpatrick's (1944) study of "Body
Weights and Organ Measurements in
Relation to Age and Season in Ring-
necked Pheasants" and by Hanson's
(1962a) study of The Dynamics of
Condition Factors in Canada Geese
and Their Relation to Seasonal Stress-
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METHODS
The research for this study involved
collecting 363 pheasants (274 hens and
89 cocks) from wild populations in
east-central Illinois, weighing them,
and dissecting them to obtain weights
or measurements of muscular tissues,
fat deposits, and internal organs. The
pheasants were collected during desig-
nated periods in the life cycle, from
1966 through 1969 (Table 1) in Ford
and Livingston counties and in por-
tions of Champaign and McLean
counties adjacent to Ford and Living-
ston counties. These counties, located
in the heart of Illinois' better pheasant
range (Labisky 1969:7), are under in-
tensive cultivation; about 90 percent of
the total land area is cropped annually
for corn, soybeans, oats, and tame hay.
The periods of the life cycle in which
pheasants were collected were some-
what arbitrarily designated as growth,
fall, winter, prebreeding, breeding
(and laying for hens), incubating (hens
only), and molting. The molting peri-
od for adults coincides in time with the
growth period for juveniles.
The methods used in collecting
pheasants were nightlighting (Labisky
1968a), shooting (through the head)
with a compressed-air rifle, and sal-
vaging birds killed or injured by mow-
ing machines (Table 1). In addition, a
few birds, particularly during the
breeding period, were taken with a
shotgun or were found dead along
roads. Except for hens collected during
the incubating period, which were
picked up after they had been hit by
hay mowers, most of the pheasants
were sacrificed during the first 3 hours
after sunrise. Pheasants collected by
nightlighting were placed in an invert-
ed position and decapitated to allow
the blood to flow from the carcass.
Similarly, birds shot with guns or in-
jured by mowing machines werede-
capitated immediately after being tak-
en in hand, usually 15-30 seconds after
they had been hit. After being sacri-
ficed, the birds were placed individual-
ly in polyethylene bags and refrigerat-
ed (2° C.) or frozen (- 15° C.) until
they could be dissected.
For the purposes of this study, all
pheasants less than approximately 13
months of age— i.e., pheasants that
had not entered into their first post-
nuptial molt—were considered juve-
niles, and all older birds were consid-
ered adults. This classification simpli-
fies the presentation and discussion of
the data as the birds progress through
the seven designated periods of the life
cycle. Juveniles were distinguished
from adults by measuring the depth of
the bursa during the fall and winter
periods and by measuring the diameter
and length of the proximal primary
flight feathers (Wishart 1969) during
the prebreeding, breeding, and incu-
bating periods. During the latter three
periods, juveniles were approximately
1 year old and adults were approxi-
mately 2 years old, 3 years old, etc.
Juveniles collected during the growth
and fall periods were further aged, to
the nearest week, by examining the
advancement of the molt of the pri-
mary feathers (Labisky 19686:465).
The tissues and organs that were
excised and weighed were the muscles
of the right half of the sternum
(pectoralis thoracica, supracoracoi-
deus-\tnlT3i\ head, and coracobrachi-
alis, nomenclature by Hudson & Lan-
zillotti 1964:13-15) and the entire
right leg (i.e., all muscles and bones of
the thigh and shank); the fat strip and
visceral fat (Breitenbach, Nagra, &
Meyer 1963:25); the liver, heart,
spleen, pancreas, gizzard, and repro-
ductive organs (left—i.e., the devel-
oped—ovary and left—developed
—
oviduct or both testes); both kidneys,
both lungs, both parathyroids, both
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ihyroids, both adrenals, and both thy-
muses; and the bursa. The lengths of
the intestine, ceca, and colon were
measured, using the procedure de-
scribed by Leopold (1953); if one ce-
cum \\'as longer than the other, the
average of the two was recorded.
After being freed of extraneous ma-
terial, the tissues and organs were
rolled on paper towels to remove excess
moisture and blood and were then
weighed. The heart and liver were cut
open to remove clots of blood, and the
gall bladder was removed from the liv-
er. The contents, but not the lining,
were removed from the gizzard. This
organ was separated from the proven-
triculus by severing the latter at its
posterior constriction; thus, a small
portion of the proventriculus was re-
tained with the gizzard.
The sternal muscles, leg, fat strip,
and visceral fat, as they appear after
being prepared for weighing, are illus-
trated in the Frontispiece. The weights
of sternal muscles and of legs were
doubled when the data were analyzed.
All weight data presented in this
paper represent the wet (fresh) weights
of the tissues and organs. I recognize
that the percentage of water present
can vary and, hence, can affect the wet
weight of the tissues and organs.
Data were also obtained for (i) the
number of ruptured follicles in the
ovaries of breeding hens (Meyer, Ra-
bat, & Buss 1947), (ii) the stage of in-
cubation of eggs in nests associated
with incubating hens (Labisky & Op-
sahl 1958), (iii) the advancement of the
molt of the primary feathers of grow-
ing juveniles and of molting adults,
and (iv) the length of the wing
(Anderson & Stewart 1969:256).
Complete data were not obtained for
all birds in all periods in all years of
the study. Notable in this respect was
the lack of data for adrenals, parathy-
roids, and thyroids for 1966 and for
legs, intestines, ceca, and colons in
1969. Cocks were collected only spo-
radically from 1966 through 1968 and
not at all in 1969. Endocrine glands
were excised from the pheasants col-
lected in 1966. However, because my
dissecting techniques were not perfect-
ed at that time and because I removed
only the right adrenal, parathyroid,
and thyroid and then doubled their
weights, I chose to discard the data
obtained for these glands in 1966.
When the data were assembled and
examined, it was evident that the
number of pheasants of a designated
sex, age, period, and year was usually
minimal (Table 2). This problem of
small samples became more critical
when I learned that the pheasants col-
lected during the prebreeding, breed-
ing, and incubating periods in 1967,
1968, and 1969 could be identified as
juveniles or adults. Formerly, I had
placed all pheasants collected during
these periods in the adult category.
Determining the ages of these birds
became possible when Wishart (1969)
described a technique for separating
juvenile pheasants from adults by mea-
suring their proximal primary feath-
ers. I had saved and kept in cold stor-
age (—15° C.) both wings from each
pheasant collected in 1967, 1968, and
1969. Thus, it became necessary to
split my samples for prebreeding hens,
breeding hens, and incubating hens. It
was also necessary to omit pheasants
taken during the prebreeding, breed-
ing, and incubating periods of 1966
—
their wings had not been saved. Be-
cause of the small sample sizes and, to
a lesser extent, because of the volume
of data otherwise involved, I chose to
present my findings without regard to
the year of collection. The only excep-
tion is in the presentation of the find-
ings for body weight.
FINDINGS
In this investigation, body weight
i.e., the weight of the entire bird—and
the weights of muscular tissues and of
fat deposits were used as indices of
physical condition. Data on weights or
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measurements of visceral organs and of When differences between the sex-age
endocrine glands are presented and groups were tested statistically, it was
discussed primarily as they relate to apparent that many significant
changes in the physical condition and (P<0.03) differences existed between
seasonal activities of pheasants. the mean weights for hens and cocks
_ ... _
and between the mean weights for iu-
Condition Parameters i j j k I'r ui i: j /\venues and adults ( 1 ables 5 and 6).
Sex-A(;e Differences.—The mean It is common knowledge that body
weights of the entire bird, sternal mus- weight, and corresponding masses of
cles, legs, fat strip, and visceral fat flesh, are smaller among hens than
from pheasants collected during this among cocks. However, when ex-
study are summarized in Tables 2-4. pressed as percentages of body weight.
Table 2.—Mean body weights (entire bird) and standard errors, in grams, of pheasants col-
lected In east-central Illinois, 1966 through 1969. Sample sizes are in parentheses.
Age and Period
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the mean weights of sternal muscles
during the breeding and molting peri-
ods, and of legs during the prebreeding
and breeding periods, were also small-
er among hens than among cocks. It is
pertinent that the only times when the
mean relative weights of sternal mus-
cles were smaller among hens than
among cocks occurred during the
breeding and molting periods. The
smaller mean relative weights of the
sternal muscles in hens during these
periods presumably were a reflection of
protein catabolism induced by the
high-protein requirements of egg pro-
duction. The mean weights of fat de-
posits, both absolute and relative to
body weight, were similar between the
sexes during the fall and winter peri-
ods, but differed significantly during
Table 3.— Mean weights and standard errors, in grams and as percentages of body weight (in
parentheses), of sternal muscles and legs from pheasants collected in east-central Illinois, 1966
through 1969.
Age and Period
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Table 4.— Mean weights and standard errors, in grams and as percentages of body weight (in
parentheses), of fat strips and visceral fat from pheasants collected in east-central Illinois, 1966
through 1969.
Age and Period
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Table 5.— Differences, hens compared with cocks, in mean weights of the entire bird, mus-
cular tissues, fat deposits, and internal organs of pheasants collected in east-central Illinois, 1966
through 1969 (Tables 2-4, 12-16, and 18-20). Plus signs indicate that mean weights were
larger, and minus signs smaller, for hens than for cocks and that the differences were statistically
significant (P< 0.05) as indicated by analysis of variance. The signs in parentheses represent dif-
ferences in mean weights when expressed as percentages of body weight.
July, 1972 Anderson: Condition Parameters in Pheasants
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800 1,000 1,200
BODY WEIGHT IN GRAMS
,400
Fig. 1.— Relationships, as determined by linear correlations, between body
weight and the weights of sternal muscles, legs, fat strips, and visceral fat of pheas-
ants in east-central Illinois. The correlation coefficients (r) are at the ends of the
lines, and where the letter a follows the coefficient, the correlation was significant
(P < 0.05). The pheasants were collected during the fall, winter, prebreeding, and,
for hens, incubating periods, 1966 through 1968. The degrees of freedom are 57 for
juvenile hens, 46 for adult hens, and 26 for juvenile cocks.
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ing the fall, winter, prebreeding, and
breeding periods. The potential impor-
tance of these differences is expanded
upon in the discussion section.
Body Weight Versus Muscular
Tissues .\nd F.at Deposits.— It is an
axiom that the weight of the entire bird
depends on the weights of the compo-
nent parts of the body. Therefore, in
pheasants the weights of muscular tis-
sues and of fat deposits can be expected
to correlate with body weight. Linear
correlations indicated that, indeed, the
weights of sternal muscles, legs, fat
strips, and visceral fat were positively
correlated with body weight (Fig. 1).
However, when expressed on a relative
basis, the weights of sternal muscles
and of legs tended to be inversely relat-
ed to body weight. The weights of the
fat strip and of visceral fat, regardless
of how they were expressed, were posi-
tively correlated with body weight. It
appeared that seasonal variations in
the body weights of pheasants were
determined primarily by variations in
the amounts of fat in the birds. Kabat,
Meyer, Flakas, & Hine (1956:30-31),
who studied captive pheasants, came
to similar conclusions. This does not
preclude the fact that heavy (large)
birds can be relatively fat free and that
light (small) birds can contain appreci-
able amounts of fat.
Because body weight and structural
dimensions vary considerably among
pheasants, a condition index derived
from some combination of these two
parameters might be more closely re-
lated to the weights of muscular tissues
and fat deposits than is body weight
alone. Bailey (1968) developed a con-
dition index for the cottontail rabbit
{Sylvilagus Jloridanus) using the rela-
tionship between body weight and total
length, and Harris (1970:750) used
body weight divided by the product of
bill length times keel length for eval-
uating the physical condition of the
blue-winged teal {Anas discors).
Accordingly, I calculated a condition
index for pheasants by dividing the
cube root of body weight in grams by
wing length in decimeters. Amadon
(1943: 171 -172) recommended con-
verting body weight to its cube root to
reduce the variability of this measure-
ment to a level comparable to the vari-
Table 7.—Correlation coefficients (r) for relationships between body weight and the weights
of the sternal muscles, legs, fat strip, and visceral fat and between a condition index and the
weights of these body parts of pheasants collected In east-central Illinois, 1966 through 1969. The
condition index was calculated by dividing the cube root of body weight in grams by wing length in
decimeters. The correlation coefficients in parentheses are for the weights of the tissues when
expressed as percentages of body weight. The pheasants were collected during the fall, winter,
prebreeding, and, for hens, incubating periods.
Tissue
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ability of wing length. Linear correla-
tions indicated that this condition in-
dex was statistically related to the
weights of the sternal muscles, legs, fat
strip, and visceral fat (except visceral
fat of juvenile cocks) among all sex-age
groups of pheasants included in these
analyses (Table 7). However, correla-
tion coefficients for body weight alone
were, for the most part, comparable to
those for the condition index. These
findings suggested that body weight
alone was as reliable as this particular
condition index for evaluating the
physical condition of pheasants.
Condition Parameters Di'rin(;
.St.\r\ation.—Because of the labile
characterofthe body, condition param-
eters of starved pheasants should be
especially helpful in interpreting "nor-
mal" shifts in metabolic reserves. Data
for starved pheasants were obtained
during another study (Anderson 1969)
in which 10 juvenile hens were experi-
mentally starved to death during the
fall and 7 were starved to death during
the winter (Table 8). The pheasants
were held in outdoor cages for these
experiments. During both periods, the
birds lost an average of slightly more
than 50 percent of their initial body
weight. Estimates made by making
comparisons with hens not starved in-
dicated that the experimental birds lost
approximately 75 percent of the weight
of their sternal muscles, 55 percent of
the weight of their legs, and more than
90 percent of the weights oftheir fat
deposits. Decreases in the combined
weights of sternal muscles and legs
accounted for an estimated 62 percent
of the loss of body weight during the
fall experiment and a 53-percent loss
during the winter experiment. The
hens starved during the fall survived an
average of 8.8 ± 0.4 days and lost body
weight at an average rate of 49.6 ± 2.4
grams per day, whereas those starved
Table 8.—Mean weights and standard errors, in grams, of the entire bird, muscular tissues,
fat deposits, and livers from juvenile hen pheasants experimentally starved to death during No-
vember 1966 and during January 1967. The values in parentheses are the means of the weights
when expressed as percentages of body weight. The November group achieved a mean survival
time of 8.8±0.4 days, and the mean survival time of the January group was 11.6±0.5 days. The
hens were captured from wild populations in east-central Illinois.
Tissue or Organ
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during the winter survived an average
of 11.6 ± 0.5 days and lost body
weight at an average rate of 45.5 ± 1.9
grams per day.
Tester & Olson (1959:306-307)
reported that wild pheasants held in
outdoor pens at Madelia, Minn., and
experimentally starved during the win-
ter survived an average of 11-12 days
and lost an average of 52-53 percent of
their body weight—findings that con-
cur with mine. Kabat et al. (1956:25)
"held birds in cages in an unheated
building at Poynette, Wis., and report-
ed that in two separate experiments
wild hens died after an average of 16
and 19 days without food during the
winter months; the birds lost an aver-
age of 28.0 and 30.4 grams of body
weight per day (Kabat et al. 1956:
11,25). Errington (1939:28) reported
that captive pheasants of both sexes
lost an average of 45 percent of their
initial weights before dying of starva-
tion; this experiment was conducted
during the winter at Lansing, Iowa.
Hanson (1962a: 10) found that free-
living Canada geese {Branta canaden-
sis interior) lost 43-46 percent of their
initial weight when starved during the
fall.
Several workers have pointed out the
importance of body weight or status of
metabolic reserves in withstanding
starvation (Benedict & Lee 1937:92;
Kendeigh 1945:218; Kabat et al. 1956:
14; and Tester & Olson 1959:306). It
is noteworthy that in my experiment
the juvenile hens starved during the
winter survived an average of 2.8 days
(32 percent) longer than did the juve-
nile hens starved during the fall and
that, at the beginning of the experi-
ment, the mean body weight was 14
percent greater for the former than for
the latter (Table 8).
Seasonal Changes in Body
Weic^ht.—Seasonal changes in the
body weights of pheasants have re-
ceived considerable attention
(Kirkpatrick 1944:178; Kabat,
Thompson, & Kozlik 1950:25; Kabat
et al. 1956:29; Breitenbach & Meyer
1959:1018; Breitenbach et al. 1963:
26; and Edwards, Mikolaj, & Leite
1964). Typically, pheasants attain
their heaviest annual weights at the
onset of the breeding period and de-
cline in weight thereafter— i.e.,
through the breeding and incubating
periods and into the molting period.
However, Kirkpatrick (1944:178), in
his study of captive pheasants, found
that juvenile birds attained their great-
est weight in early winter (December).
The body weights of pheasants col-
lected in east-central Illinois exhibited
seasonal changes typical of the classic
pattern (Fig. 2). The mean weights of
juvenile hens, relative to their mean
weight during the winter, were 1 12
percent during the prebreeding period,
120 percent during the breeding peri-
od, 99 percent during the incubating
period, and 94 percent during the
molting period. During the same peri-
ods, the mean weights of adult hens,
compared with the mean weights of
juvenile hens in the winter, were 132,
129, 102, and 94 percent, respectively.
The mean weights ofjuvenile cocks,
relative to the weights of wintering
juvenile cocks, were 112, 106, and 97
percent during the prebreeding, breed-
ing, and molting periods, respectively.
My selection of the winter juvenile
as the standard for comparison paral-
lels Hanson's (1962(2:17) decision to
use the wintering bird as the basic type
for Canada geese. Winter is the period
when juvenile pheasants have complet-
ed growth but, unlike adults, are not
"excessively" fat; pheasants are not
undergoing dramatic physiological
processes such as egg laying, incubat-
ing, or molting; and, in Illinois, food is
abundant and usually available. In
essence, I consider body weight and
other physiological parameters of the
winter juvenile to be representative of
pheasants in minimum, or near mini-
mum, good condition.
In this study, adult hens were heavi-
est during the prebreeding period,
whereas juvenile hens did not attain
their greatest mean weight until the
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Fig. 2.—Seasonal changes in mean weights of the entire body, sternal muscles, legs, fat strip, and vis-
ceral fat of pheasants in east-central Illinois, 1966 through 1969. Statistics for the mean values are present-
ed in Tables 2 — 4.
breeding period—about 1 month later. ruptured follicles in the ovary of each
In reality, both juvenile hens and adult hen and allowing 1.3 days for each egg
hens were probably heaviest the day laid (Labisky & Jackson 1966:384), it
they began to lay eggs. By counting the was estimated that, in east-central Illi-
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nois during 1967-1969, the average
juvenile hen (n = 30) and the average
adult hen (n=17) began laying on
April 29 ± 1.8 days and April 20 ±
1.6 days, respectively. The difference
between these dates was statistically
significant (P<0.05).
Much of the increase in the mean
body weights from the winter to the
prebreeding period was attributable to
increased deposits of fat. The increase
averaged 101 grams amongjuvenile
hens, 173 grams among adult hens,
and 144 grams amongjuvenile cocks.
During the prebreeding period, the fat
strip and visceral fat were, on the aver-
age, at least twice as large as they were
during the winter period (Fig. 2). The
mean weights of sternal muscles and
legs, except the legs of cocks, exhibited
only modest increases between the two
periods (Fig. 2), as did the mean
weights of most of the internal organs
(Tables 12-17). Sternal muscles, legs,
and internal organs (excluding the in-
testine, ceca, and colon) collectively
contributed 18 percent (18 grams), 27
percent (46 grams), and 42 percent (61
grams) to the winter-prebreeding in-
crease in the mean body weights of ju-
venile hens, adult hens, and juvenile
cocks, respectively.
Unlike adult hens and juvenile
cocks, juvenile hens increased in mean
body weight by 75 grams (8 percent)
from the prebreeding period to the
breeding period; yet the mean weights
of their sternal muscles and fat deposits
exhibited concurrent decreases (Fig. 2).
In this instance, most of the increase
in body weight was caused by increases
in the weights of the legs and internal
organs; the combined weights of the
ovary and oviduct accounted for 61
percent (46 grams) of the increase.
After attaining a peak in mean body
weight during the prebreeding period,
adult hens lost weight during the
breeding and incubating periods, and
the weight loss continued into the
molting period (Fig. 2). Similarly, ju-
venile cocks decreased in mean body
weight from the prebreeding period
through the breeding period to the
molting period. The mean body
weights of juvenile hens also decreased
during the incubating period and into
the molting period after attaining their
peak during the breeding period. I as-
sumed that juvenile hens and adult
hens were not significantly different in
mean body weight and in the weights
of muscular tissues and of fat deposits
by the time the birds entered the molt-
ing period. Data obtained during the
previous (incubating) period, when
hens could be identified as juveniles or
adults, indicated that this assumption
was justifiable (Tables 2-4).
Although nearly all portions of the
body that were weighed or measured
decreased in mean weight or mean
length between the prebreeding period
and the molting period, much of the
decline in the mean body weights was
due to the reduction of fat deposits
(Fig. 2). The mean weights of the fat
strip and visceral fat, respectively, de-
clined 92 and 95 percent injuvenile
hens, 96 and 97 percent in adult hens,
and 84 and 90 percent in juvenile
cocks. Decreases in the weights of mus-
cular tissues, especially sternal mus-
cles, also contributed importantly to
the prebreeding-to-molting loss of body
weight; sternal muscles and legs to-
gether accounted for 25 percent of the
decrease in the mean body weight of
juvenile hens, 26 percent of the de-
crease in adult hens, and 31 percent of
the decrease injuvenile cocks.
The mean body weight of adult hens
and that of adult cocks increased 13
and 15 percent, respectively, between
the molting and fall periods (Table 2).
During the latter period, adult hens
weighed an average of 910 grams, 105
percent of the average weight of the
basic type (winter juvenile). Much of
the molting-to-fall increase in mean
body weight was caused by increases in
the mass of muscular tissue, particular-
ly the sternal muscles. Sternal muscles
and legs contributed an average of 38
percent (39 grams) to the increase in
the mean body weight of adult hens
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and 34 percent (39 grams) to the in-
crease in the mean body weight of
aduh cocks. Fat deposits also contri-
buted to the increase in the mean body
weight of adults between the molting
and fall periods.
By late October, when 18 weeks of
age, juvenile pheasants had attained
mean body weights only slightly lower
than those of wintering juveniles (Fig.
2).
Season.xl Chanc;es in Misc:l'i.,\r
TissiES.—Changes in the mean
weights of sternal muscles and legs
exhibited patterns similar to those of
mean body weight (Fig. 2). The mean
weights of sternal muscles increased
slightly (3 percent for juvenile hens, 4
percent for adult hens, and 2 percent
for juvenile cocks) from winter to the
prebreeding period. The mean weights
ol the legs of juvenile hens and of adult
hens also increased slightly (1 and 9
percent, respectively) between these
periods, whereas the mean weights of
the legs of juvenile cocks increased
appreciably (17 percent). Sternal mus-
cles and legs, except the legs ofjuvenile
hens, were heavier, on the average,
during the prebreeding period than
during any other period in the life cy-
cle. However, when expressed as per-
centages of body weight, the mean
weights of sternal muscles and of legs,
except the legs ofjuvenile cocks, exhib-
ited pronounced decreases between the
winter period and the prebreeding pe-
riod. Obviously, concurrent increases
in body weight, caused primarily by
the enlargement of fat deposits, were
proportionally greater than those of
muscular tissues, particularly among
hens.
The mean weights of sternal muscles
decreased during the breeding period
and, in hens, during the incubating
period, and eventually descended to
their annual low during the molting
period (Fig. 2). From the prebreeding
to molting periods the mean weights of
the sternal muscles of juvenile hens
decreased an average of 1 8 percent,
those of adult hens 25 percent, and
those of juvenile cocks 11 percent.
When compared with those of the basic
type (wintering juveniles), the mean
weights of the sternal muscles of molt-
ing birds were 84 percent of "normal"
for adult hens and 91 percent of "nor-
mal" for adult cocks. The mean
weights of the legs of adult hens and
juvenile cocks also decreased (9 and 7
percent, respectively) from the pre-
iDieeding period to the molting period,
whereas the mean weights of the legs of
juvenile hens increased slightly (3 per-
cent). However, the mean weights of
the legs of adult hens and adult cocks
during the molting period were greater
( 1 04 and 1 08 percent as great) than the
mean weights of the legs of wintering
juveniles.
The increases in the mean weights of
the legs of juvenile hens and adult hens
(4 and 1 percent, respectively) between
the incubating and molting periods
(Fig. 2) were presumably a use-disuse
phenomenon; the legs of hens would
obviously be much more active during
the molting period than during the
incubating period. Hanson (1962a:20)
has demonstrated that the leg muscles
of Clanada geese become enlarged dur-
ing the nonflying stages of the molt.
When expressed relative to body
weight, weights of sternal muscles and
legs, except the legs of juvenile cocks,
decreased, on the average, from the
prebreeding period to the breeding pe-
riod. However, among hens the decline
in the mean weights of muscular tis-
sues relative to body weight did not
extend into the incubating period. In
fact, notable increases (11-23 percent)
in the mean relative weights of the ster-
nal muscles and legs of both juvenile
hens and adult hens occurred between
the breeding and incubating periods.
Apparently, muscular tissue was
shrinking at a faster rate than were fat
deposits during the breeding period,
while the reverse was true when the
hens were incubating.
The sternal muscles and legs of both
adult hens and adult cocks increased in
mean weight from the moiling period
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to the fall period (Table 3). The mean
weights of sternal muscles excised from
fall-collected adult hens and adult
cocks were 98 and 102 percent, respec-
tively, as great as those of the sternal
muscles of wintering juveniles. Simi-
larly, the mean weights of the legs of
adult hens and of adult cocks were 108
and 118 percent as great, respectively,
as the mean weights of the legs ofjuve-
nile hens and of juvenile cocks in win-
ter. It appeared that molting-to-fall
gains in the mean weights of muscular
tissue were of sufficient magnitude to
restore fully the protein reserves lost
during the nesting season.
The mean weights of the sternal
muscles of juvenile hens and juvenile
cocks collected during the fall were
only 91 and 90 percent, respectively, as
great as those of wintering juveniles
(Fig. 2). However, the mean weights of
the legs of juvenile hens and juvenile
cocks were greater (106 and 108 per-
cent as great, respectively) during the
fall than during the winter.
Seasonal Ch.wges in Fat Depos-
its.— Seasonal changes in mean
weights, both absolute and relative to
body weight, of the fat strip and of vis-
ceral fat were essentially the same (Fig.
2). These changes held true for both
hens and cocks. The mean weights of
fat deposits increased greatly,
threefold among juvenile hens and
adult hens and twofold among juvenile
cocks, from winter to the prebreeding
period, when fat deposits were at their
heaviest annual weight. Breitenbach &
Meyer (1959:1019) reported similar
findings in captive pheasants.
The fat deposits decreased in mean
weight from the prebreeding period to
the breeding period and, for hens, to
the incubating period. The mean
weights of the fat strip and visceral fat
of adult hens and adult cocks were at
their annual lows during the molting
period, being only about 25 percent as
great as those of wintering juveniles.
The fat deposits of adult hens and
adult cocks increased in mean weight
between the molting and fall periods
and, by the latter period, they were
similar in weight to the fat deposits of
wintering juveniles.
The mean weights of the fat strip
and of visceral fat from juvenile hens
and juvenile cocks during the fall
ranged from 36 to 55 percent of the
mean weights of these fat deposits in
wintering juveniles (Fig. 2).
Relationships Between Condi-
tion Parameters and Breeding,
Incubating, and Molting Activi-
ties.— It has been demonstrated that
body weight and the weights of muscu-
lar tissues and fat deposits undergo
important changes during the pheas-
ant's annual cycle. But how do these
condition parameters respond to spe-
cific stresses which the birds must en-
dure to survive and reproduce? To
answer this question in part, data for
pheasants actively engaged in breed-
ing, incubating, or molting were ana-
lyzed by regressions. Body weight and
the weights of muscular tissues and fat
deposits were designated the dependent
variables, and the number of eggs laid,
days of incubating, or number of pri-
mary feathers molted, the independent
variable. The dates that pheasants
were collected were also included and
were considered the second indepen-
dent variable. Thus, the initial analysis
evolved into multiple regressions. To
increase the sample sizes for breeding
hens and for incubating hens, the data
for juveniles and adults were com-
bined.
Analysis of variance indicated that
—
except for the body weight, sternal
muscles, and legs of incubating hens
significant regressions existed between
the condition parameters and the inde-
pendent variables (Tables 9-11). The
fat strip and visceral fat, both in actual
weight and when expressed as percent-
ages of body weight, exhibited signifi-
cant regressions with the independent
variables in every possible instance.
The sternal muscles and legs of breed-
ing hens and of molting hens and molt-
ing cocks, when expressed in actual
weight or percentages of body weight,
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or both, exhibited significant relation-
ships with the independent variables.
Correlation coefficients indicated
that linear correlations between the
independent variables—eggs laid and
collection date—for breeding hens, and
between the independent variables
—
primary feathers molted and collection
Table 9.— Results of multiple regressions involving condition parameters (Y), eggs laid (X,),
and collection date (X,) for hen pheasants, juveniles and adults combined, taken during the
breeding period, 1967 through 1969, in east-central Illinois. The values in parentheses are for the
condition parameters when expressed as percentages of body weight. The correlation coefficient
(r) for eggs laid and collection date was 0.69 with 45 degrees of freedom (P < 0.05)
.
Condition
Parameter
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date— for molting hens and molting
cocks were significant (r = 0.69, 0.96,
and 0,98, respectively). However, the
linear correlation between the inde-
pendent variables—days of incubating
and collection date— for incubating
hens was not significant (r = 0.26).
To determine whether the first inde-
pendent variable or the second, or
both, contributed significantly to the
multiple regressions, appropriate t
values were calculated for the indepen-
dent variables (Tables 9-11). Surpris-
ingly, these tests indicated that the sec-
ond independent variable—collection
date—contributed more to the regres-
sions for breeding hens and incubating
hens than did the first independent
variable—number of eggs laid and
days of incubating, respectively.
Among molting pheasants, the only t
values that achieved significance were
those for the first independent variable
—primary feathers molted— in the
Table 1 1 .— Results of multiple regressions involving condition parameters (Y), primary feath-
ers molted (X
,), and collection date (X j) for pheasants taken during the molting and fall periods,
1966 through 1969, in east-central Illinois. The values in parentheses are for the condition
parameters when expressed as percentages of body weight. The correlation coefficient (r) for
primaries molted and collection date was 0.96 with 60 degrees of freedom (P<0.05) for adult
hens and 0.98 with 23 degrees of freedom (p<0.05) for adult cocks.
Condition
Parameter
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regressions in which the fat strip and
visceral fat of adult hens were the de-
pendent variables. Superficially, this
lack of significance seems peculiar be-
cause some of the multiple regressicms
for molting hens and for molting cocks
had large f" values (Table 1 1). Howev-
er, according to Dr. Horace W. Nor-
ton, Professor of Statistical Design and
Analysis, Department of Animal Sci-
ence, University of Illinois, Urbana
(personal communication), this phe-
nomenon is characteristic of multiple
regressions in which the independent
variables are strongly correlated with
each other. It appears that, for the
most part, the two independent vari-
ables—number of pr'imar\- feathers
molted and collection date—are about
equal in their contributions to the mul-
tiple regressions for molting pheasants.
Kabat et al. (1950: 1 1), who studied
captive pheasants, concluded that the
relationship betxyeen the progression of
the molt and changes in body weight
was of a secondary nature.
The reason that collection date
emerged as a dominant variable in dic-
tating the changes in condition pa-
rameters of breeding, incubating, and
molting pheasants is difficult to pin-
point. However, many factors—e.g.,
photoperiod, temperature, precipita-
tion, humidity, plant phenology, and
the behavior and physiology of birds
—
can be associated with date of collec-
tion as well as with each other. In the
regressions presented above, collection
date probably served as a quantified
expression of the many factors that in-
fluenced the condition parameters of
pheasants during the breeding, incu-
bating, and molting periods.
Computations were also made to
determine whether curvilinear
(second-degree polynomial) regres-
sions existed between the condition
parameters and collection dates for
pheasants during the breeding, incu-
bating, and molting periods. Almost all
sets of data that exhibited significant
{P<O.OS) linear regressions also ex-
hibited significant curvilinear regres-
sions. However, when subjected to a
statistical test (Steel & Torrie 1960:
339-340), none of the curvilinear re-
gressions deviated significantly from
linearity.
Linear regressions between the con-
dition parameters and collection dates
for breeding hens, breeding cocks, in-
cubating hens, and molting hens and
molting cocks are plotted in Fig. 3-6.
In general, as the date of collection
advanced, the condition parameters for
breeding and for incubating pheasants
decreased in value and those for molt-
ing pheasants increased in value.
Among breeding pheasants and molt-
ing pheasants, the changes in condition
parameters in relation to collection
dates exhibited similar patterns for the
two sexes. The same was true of condi-
tion parameters for juvenile hens and
adult hens during the breeding period
and the incubating period.
The regressions indicated that the
body weights of hens (juveniles and
adults combined) decreased an average
of 2.94 grams (0.26 percent of estimat-
ed initial weight) per day during the
breeding (laying) period (Fig. 3). Simi-
larly, sternal muscles and legs de-
creased an average of 1 .0.5 and 0.65
grams (0.40 and 0.32 percent of esti-
mated initial weights), respectively,
per day during the breeding period.
The fat strip and visceral fat of breed-
ing hens decreased, according to the
regressions, an average of 0.07 and
0.41 gram(1.63and 1.50 percentof
estimated initial weights) per day, re-
spectively. Changes in the weights of
sternal muscles, legs, fat strip, and vis-
ceral fat alone accounted for 74 percent
(2.18 grams) of the daily decrease in
the body weight of hens during the
breeding period.
Condition parameters for cock
pheasants also tended to decrease in
value during the breeding period (Fig.
4). Linear regressions suggested that
the sternal muscles decreased an esti-
mated 0.87 gram (0.28 percent of esti-
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mated initial weight) per day and the day. Linear regressions between the
I'at strip an estimated 0.02 gram (2.20 collection date and body weight,
percent of estimated initial weight) per weight of legs, and weight of visceral
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fat of breeding cocks were not statisti- strip and visceral fat of fiens decreased,
cally significant. on the average, 0.07 and 0.37 gram
During tiie incubating period, the fat (3.10 and 2.97 percent of estimated ini-
1,300-
1,250-
1.200
1.150-
Body Weight
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tial weights) per day, respectively (Fig. weight of legs of incubating hens were
5). The implied decreases in body not statistically significant.
weight, weight of sternal muscles, and During the molting and fall periods,
• -Juvenile hens
Doys of Incubating
O -Adult hens
840-
-Hens of all ages
Body Weight
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when the pheasants were developing grams (0.15 percent of estimated initial
new plumage, the body weight of adult weight) per day, and the body weight
hens increased an average of 1.13 of adult cocks increased an average of
Primaries Molted
o- Adult hens ^ -Adult cocks
1,300- ^"''y Weight
1,200
1,100 •
1,000-
900
800-
Sternal Muscles
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1.85 grams (0.17 percent of estimated
initial weight) per day (Fig. 6). Except
for the legs of hens, the muscular tis-
sues and fat deposits of both hens and
cocks exhibited similar, and statistical-
ly significant, increases when the birds
were molting. However, when ex-
pressed relative to body weight, the
legs of adult hens and the sternal mus-
cles and legs of adult cocks decreased in
weight as the collection date pro-
gressed. Contrary to these trends, the
relative weights of the sternal muscles
of adult hens increased with the pas-
sage of time; i.e., the sternal muscles of
adult hens gained weight at faster rates
than did their entire bodies.
The rates at which body tissues in-
creased in weight during the molting
period were much slower than the
rates at which they lost weight during
the breeding and incubating periods
(Fig. 3-6).
Internal Organs
Sex-Age Differences.—When
expressed on a relative basis, the mean
weights of the heart and lungs were
smaller for hens than for cocks (Table
5). These differences were statistically
significant during all periods except
the growth period. However, the mean
relative weights of the pancreas and
gizzard were larger for hens than for
cocks during most periods. Mitchell,
Card, &Hamilton(1931:108)have
reported similar sex-associated differ-
ences for the heart and gizzard in do-
mestic chickens {Gallus gallus), as has
Hanson (19626:65, 68) for the gizzard
and pancreas in Canada geese. The
mean relative weights of the liver, kid-
neys, parathyroids, and thyroids, and
the mean actual lengths of the intestine
and colon, were greater for juvenile
hen pheasants than for juvenile cocks
during the breeding period (Table 5).
When juvenile pheasants were com-
pared with adults, the mean weights of
reproductive organs were lower for the
former than they were for the latter
during the fall and winter periods
(Table 6). However, juveniles had, on
the average, heavier gizzards and thy-
muses than adults had during most of
the annual cycle. Also, the mean
weights of the livers, pancreases,
spleens, gizzards, parathyroids, and
thyroids were greater for juvenile hens
than they were for adult hens during
the breeding period, apparently be-
cause adult hens were exceedingly
heavy (fat) during this period. As
might be expected, young, growing
pheasants had, on the average, propor-
tionately heavier organs than had older
birds (Tables 12-20); the heart, lungs,
and reproductive organs were the only
exceptions.
Seasonal Changes in Internal
Organs.— Seasonal changes in the
mean weights and measurements of
internal organs of pheasants in east-
central Illinois are documented in Ta-
bles 12-20. Except for the gizzards
and thymuses of juvenile cocks, all of fi
the organs in all of the sex-age groups g
increased in mean weight from winter
to the prebreeding or breeding period.
The mean weights of the organs of
hens were, for the most part, greater
during the prebreeding or breeding
period than during any other period in
the life cycle. Secondary increases in
the mean weights of internal organs
were evident during the fall period. In
fact, several organs of juvenile cocks,
especially those associated with the
digestive tract, were at peak mean
weights during this period. However,
the heart, lungs, and adrenals of cocks
were noticeably heavier, on the aver-
age, during the prebreeding period
than during any other time in the an-
nual cycle.
The increased mean weight of the
livers of hen pheasants during the
breeding period (Table 12) was pre-
sumably a response to estrogen secre-
tion, which undoubtedly was at maxi-
mum levels in these birds. Estrogen
promotes the accumulation of fat and
protein in the liver (Common, Bolton,
& Rutledge 1948:265). The only time
in the life cycle that mean liver weights
were larger for hens than they were for
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Table 12.—Mean weights and standard errors, in grams and as percentages of body weight
(in parentheses), of the liver and kidneys from pheasants collected in east-central Illinois, 1966
through 1969.
Age and Period
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Table 13.-
(in parentheses
through 1969.
•Mean weights and standard errors, in grams and as percentages of body weight
I, of the heart and lungs from pheasants collected in east-central Illinois, 1966
Age and Period
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breeding period than they were during
other periods in the annual cycle. The
failure of the gizzard to increase in
mean weight during the breeding peri-
od may be due, at least in part, to an
increase in the availability of soft foods,
such as insects, earthworms, and wa-
ter-softened seeds. Kirkpatrick (1944;
185) reported that the mean weights of
the organs of the digestive system in
both juvenile hens and juvenile cocks
were greatest in captive pheasants at
the time of the most rapid body growth
(14-19 weeks of age), which occurs
during the early fall.
In my study, the gizzard and paneTe-
as of juvenile hens (excluding growing
hens) and of adult hens declined to
their lowest mean weights during the
incubating period (Tables 14 and \5).
In cocks (excluding growing cocks), the
mean weights of these organs were at
their annual lows during the prebreed-
ing period and winter period, respec-
Table 14.— Mean weights and standard errors, in grams and as percentages of body weight
(in parentheses), of the spleen and pancreas from pheasants collected in east-central Illinois,
1966 through 1969.
Age and Permd
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Table 15.—Mean weights and standard errors, in grams and as percentages of body weight
(in parentheses), of the gizzard and mean lengths, in centimeters, of the intestine from pheasants
collected in east-central Illinois, 1966 through 1969.
Age and Period
July, 1972 Anderson: Condition Parameters in Pheasants 483
Table 16.—Mean lengths and standard errors, in centimeters, of the cecum and colon from
pheasants collected in east-central Illinois, 1966 through 1968.
Age and Period
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parathyroids of adult hen pheasants Korschgen 1964: 175-176; and Ko-
vvere greatly reduced during the breed- pischke & Nelson 1966:273). The
ing period. Obviously, the calcuim heavy mean weight of parathyroids
requirements of hens would be at a found in adult hens during the fall in-
peak when the birds were laying. It is dicates that these birds might be in a
possible that adult hens obtain all the negative calcium balance,
calcium they need for egg production Although there is disagreement re-
directly from their diets. Hen pheas- garding the proper interpretation of
ants increase their calcium intake by thyroid weights—i.e., their relation to
consuming calcium-rich grit during the thyroid activity—Kendeigh & Wallin
breeding period (Harper 1964:266; (1966:377) stated that within any pas-
Table 17.—Mean weights and standard errors, in grams and as percentages of body weight
(in parentheses), of the ovary, oviduct, and testes from pheasants collected In east-central Illi-
nois. 1966 through 1969.
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serine species the weight and volume of
the thyroids are useful indices of thy-
roid activity, and that size is inversely
correlated with activity. Harclerode &
Dropp (1966:385), who worked with
three species of pheasants, also found
an inverse relationship between the
weight and activity of the thyroids.
However, both teams of workers be-
lieved that thyroid weight as an indica-
tor of thyroid activity should be em-
ployed with caution.
The thyroid glands of pheasants and
passerine birds apparently decrease in
weight (increase in activity) during the
colder months and increase in weight
(decrease in activity) in the warmer
months (Harclerode & Dropp 1966:
385; Kendeigh & Wallin 1966:376).
Raitt (1968:368) reported that the thy-
roids in GambeTs quail {Lophnrlyx
gambelu) were most active during June
and December. After studying several
reviews of the literature on the avian
thyroid, Raitt (1968:370) concluded
that thyroid activity was likely to be
Table 18.— Mean weights and standard errors, in milligrams and as percentages of body
weight (in parentheses), of the parathyroids and thyroids from pheasants collected in east-central
Illinois, 1967 through 1969. The percentage values (in parentheses) have been multiplied by 10''.
Age and Pervul Sample Size Pa,alh\,„icis Thyrouh
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high in winter and in the period pre-
ceding the molt. In my study, the thy-
roid glands of all sex-age groups of
pheasants were at or near their lowest
mean weights during winter (Table
18), indicating high thyroid activity.
The mean weights of thyroids were
greatest in juvenile hens during the
breeding period, in adult hens during
the incubating period, and in juvenile
cocks during the fall. Thyroids tended
to be heavier, on the average, during
the warmer periods (breeding, incubat-
ing, and molting) than during the fall
and winter. Thus, seasonal changes in
the mean thyroid weights—and pre-
sumably in thyroid activity—of pheas-
ants in Illinois are generally similar to
those of other avian species in temper-
ate latitudes.
The adrenal glands of juvenile hens
and adult hens were heavier, on the
average, during the breeding, incubat-
ing, and molting periods than they
were during the winter and prebreed-
ing periods (Table 19). Among juve-
nile cocks, the mean weights of the
adrenals were much greater during the
prebreeding period than during any
other time of the year. Kirkpatrick
(1944:189) reported similar findings
for captive pheasants. The increase in
the mean adrenal weight in cocks coin-
cides with the development of the testes
(Table 17) and the beginning of breed-
ing activities. Cock pheasants in east-
central Illinois establish territories
during March (S. L. Etter, Illinois
Natural History Survey, Urbana, per-
sonal communication), or 2-4 weeks
earlier than the period I have designat-
ed as the prebreeding period. Nagra,
Breitenbach, & Meyer (1965:743) at-
tributed this increase in the mean adre-
nal weight in cocks to the elevated se-
cretion of ACTH arising from the inhi-
bition of the negative feedback system
by androgen. If the weight of the adre-
nals is a reliable indicator of stress,
cock pheasants were subjected to con-
siderable stress during the prebreeding
period, but the duration of the stress
Table 19.—Mean weights and standard er-
rors, in milligrams and as percentages of body
weight (in parentheses), of the adrenals from
pheasants collected in east-central Illinois,
1967 through 1969. The percentage values (in
parentheses) have been multiplied by 10'*.
Age and
Period
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Table 20.—Mean weights and standard errors, in milligrams and as percentages of body
weight (in parentheses), of the thymuses and bursa from pheasants collected in east-central Illi-
nois, 1966 through 1968. The percentage values (in parentheses) have been multiplied by 10''.
Portions of the data for thymuses were reported in Anderson (1970).
Age and Period
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fat
—
pheasants are in good physical
condition, and that light—and rela-
tively fat free—birds are in compara-
tively poor condition. Although in the
main this inference is probably correct,
it does not hold true for all birds. A fat
bird can be in poor condition. Indeed,
chicks deficient in the essential amino
acids methionine or lysine tend to be
fat (Whittow 1965:261). Conversely, a
bird that contains little fat can be in
good condition. Whether a pheasant,
fat or thin, is in good or poor condition
is dictated to some extent by environ-
mental factors. For instance, an accu-
mulation of body fat probably helps
wintering pheasants to tolerate low
temperatures. At the other extreme, it
might be advantageous for pheasants
to be thin during the warmer months
—when they are molting and are gen-
erally considered to be in poor condi-
tion.
Pheasants, like all other vertebrates,
oxidize carbohydrates, fats, and pro-
teins, the result of which is primarily
the production of carbon dioxide, wa-
ter, and the energy necessary for life
processes. In birds, excess metabolic
fuels are, for the most part, converted
to fat for permanent storage (Whittow
1 965:260). Protein, as such, cannot be
permanently stored; Fisher (1954:45)
stated that "deposit protein" is not a
specialized storage product but the cy-
toplasm itself. Nevertheless, it is recog-
nized that body proteins are a dynamic
source of amino acids (Allison 1959:
98).
Hanson (1962a:38-39) has empha-
sized that, under conditions of carbo-
hydrate depletion, efficient metabolism
of fat deposits necessitates simulta-
neous degradation of body proteins.
Proteins and carbohydrates, upon
being degraded, produce several com-
pounds, one of which is oxaloacetic
acid. This four-carbon acid must be
present to condense with acetyl-Co A,
a two-carbon fragment resulting from
the reduction of fatty acids, before the
metabolism of fats can proceed through
the citric acid cycle. Ganong (1965:
240) stated, "The main cause of rela-
tive or absolute impairment of the en-
trance of acetyl-Co A into the citric
acid cycle is 'intracellular carbohydrate
starvation.' When insufficient glucose
is metabolized to pyruvic acid, the
supply of oxaloacetic acid to condense
with acetyl-Co A is inadequate relative
to the supply of acetyl-Co A and the
citric acid cycle cannot metabolize all
of it" (emphasis added). Contrary to
superficial appearances, this concept
does not negate the more general belief
that the starving animal preferentially
metabolizes its glycogen reserves first,
then its fat reserves, and finally its own
body tissues. For a more detailed dis-
cussion of intermediary metabolism in
relation to the energy demands of free-
living birds, the reader is referred to
Hanson's (1962(2:33-40) treatise on
the subject.
Exhaustion of carbohydrate reserves
might be expected to occur during peri-
ods of starvation or fasting or when the
diet is predominantly fat. Domestic
chickens deplete their carbohydrate
reserves in approximately 36 hours
(range 24-48 hours) when food is not
available (Benedict, Landauer, & Fox
1932:56-58).
Hormones have many, often compli-
cated and poorly understood, influ-
ences on metabolic reserves. The pitui-
tary, upon being stimulated by an in-
crease in the photoperiod, releases
gonadotrophins (Sturkie 1965:556),
which bring birds into breeding condi-
tion. Estrogens secreted by the en-
larged ovary promote increases in calor-
ic intake and deposition of fat (Sturkie
1965:584). These increases were evi-
dent in pheasants during the prebreed-
ing and breeding periods, when hens
were fatter than cocks and adult hens
were fatter than juvenile hens (Tables
5 and 6). Androgens have an anabolic
action on muscular tissue (Russell &
Wilhelmi 1960:146), which explains,
at least partially, why the sternal mus-
cles of cock pheasants did not decrease
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in mean weight as much as, and re-
covered more rapidly than, the sternal
muscles of hen pheasants during the
spring and summer months (Table 3).
Hanson (1962fl:32), while discussing
relationships between metabolic re-
serves and hormones in Canada geese,
stated, "it appears that the gonadal
hormones confer on each sex a distinc-
tive metabolic advantage in terms of
survival: the males, because of greater
initial protein stores and the nitrogen-
conserving influence of the androgens,
apparently undergo the moult with less
ill effect than the females; the latter, on
the other hand, can probably more
readily survive most times of starvation
stress because of superior fat reserves
—the result of the influence of estro-
gens and, presumably, a lower meta-
bolic rate."
According to Russell & Wilhelmi
(1960:175-176), it is well established
that adrenocortical hormones promote
catabolism of body proteins. Masoro
(1966:74) reported that these hor-
mones have similar effects on adipose
tissue. However, White (1956:141)
asserted that the adrenocorticoids can
be either anabolic or catabolic on pro-
tein metabolism. Harris (1970:753)
has proposed that the adrenocorticoids
are instrumental in mobilizing "tissue
reserves" to meet energy demands in
laying and incubating blue-winged
teal. In my study, the adrenals of
pheasants became enlarged in cocks
during the prebreeding period and in
hens during the breeding period (Table
19). These periods correspond with the
early stages of the downward trends in'
condition parameters of the respective
sexes (Fig. 2).
Russell & Wilhelmi (1960:187) stat-
ed that, "The relationship of the thy-
roid hormone to protein metabolism is
biphasic. On the one hand, . . . small
amounts of thyroxine are necessary for
normal growth and development, so
that in this sense the hormone is ana-
bolic. On the other hand, the 'basal'
rate of protein catabolism is correlated
directly with the basal metabolic rate."
Thyroxine is one of several factors that
influence the molt in birds, but its ex-
act role is not understood (Ringer
1965:624-625). Insulin appears to
have a conserving effect on amino acids
(Russell & Wilhelmi 1960: 158).
It appears that pheasants wintering
in east-central Illinois experience little
difficulty in fulfilling their energy re-
quirements. The body weights of
pheasants, at least of hens, were rela-
tively constant during the four winters
included in this study (Table 2). Fur-
thermore, body weights remained sta-
ble or increased slightly from fall to
winter and increased appreciably from
winter to the prebreeding period (Fig.
2). The failure to find birds in poor
physical condition during the winter
months was not surprising, as stresses
on pheasants wintering in east-central
Illinois do not appear to be severe.
Food, primarily waste corn and soy-
beans, is abundant, and winter storms
are relatively mild compared with
those characteristic of more northern
and western portions of the continental
pheasant range. Pheasants rarely die
asadirectresultofwinterstormsin
Illinois.
The pronounced increases in mean
body weight from the winter to the
prebreeding period, achieved primarily
by deposition of fat, presumably repre-
sent increases in reserves of metabolic
fuels accumulated in preparation for
the stresses of breeding and nesting ac-
tivities. Increases in the mean weight
of the gizzard and in the mean lengths
of the intestine, ceca, and colon of hens
from the winter to the prebreeding pe-
riod (Tables 15 and 16) suggest that
food consumption and digestive activity
increase during the latter period.
While conducting an experiment with
captive pheasants, Breitenbach et al.
(1963:27) found that food consumption
increased 39 percent from February to
April. However, because pheasants on
limited food intake were also capable
of increasing the weights of their gas-
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trointestinal tracts (Breitenbach et al.
1963:29), factors other than food con-
sumption must contribute to the en-
largement of the gizzard and intestinal
mass.
As might be expected, my findings
indicate that cock pheasants are in an
extreme state of physiological and be-
havioral stress during the prebreeding
period— i.e., the period of territory
establishment. The mean weights of
their legs, hearts, and lungs were in-
creased appreciably—implying in-
creased physical activity; their testes
had reached 75 percent of full develop-
ment— implying elevated androgen
levels; and their adrenals were at max-
imum annual size—implying a state of
stress (Tables 3, 13, 17, and 19). None
of these physiological manifestations
were particularly evident in hens dur-
ing the prebreeding period.
Findings of this study illustrate be-
yond a reasonable doubt that hen
pheasants mobilize appreciable quan-
tities of muscular tissue and fat during
the breeding and incubating periods.
The mean weights of the fat strip and
visceral fat of juvenile hens and adult
hens decreased more than 90 percent
from the prebreeding period to the
molting period (Fig. 2). Similarly, the
sternal muscles of juvenile hens and of
adult hens decreased, on the average,
18 and 25 percent, respectively, during
the same time.
The significant inverse relationships
between the weights of muscular tis-
sues and the advancement of the collec-
tion date for breeding hens, and the
lack of such relationships for incubat-
ing hens (Fig. 3 and 5), probably are
reflections of the high protein require-
ments of egg production. As was point-
ed out earlier, the mean weights of the
sternal muscles of hens steadily de-
creased from the prebreeding period
through the breeding and incubating
periods and into the molting period.
However, when the mean weights of
sternal muscles were plotted as per-
centages of body weights, notable in-
creases in the relative weights of these
muscles occurred between the breeding
and incubating periods (Fig. 2). The
weights of fat deposits, on the other
hand, exhibited significant inverse re-
lationships with the progression of the
collection date for both breeding hens
and incubating hens (Fig. 3 and 5). Fat
deposits steadily decreased both in ac-
tual weight and in relation to body
weight between the prebreeding period
and the molting period (Fig. 2). There-
fore, it seems plausible that muscular
tissue was mobilized comparatively
rapidly during the breeding (laying)
period and comparatively slowly dur-
ing the incubating period.
It has been shown in this study (Fig.
2), as well as in those by Kirkpatrick
(1944:180) and Kabat et al. (1956:5),
that metabolic reserves of pheasants
are at, or near, annual lows during the
molting period. Kabat et al. (1956:13)
demonstrated that the ability of hens to
survive applied stresses (caging and
starvation) was at a minimum during
this period; their experimental birds
survived an estimated 13 days. Molt-
ing pheasants are light in weight pri-
marily because they possess little body
fat (Fig. 1 and 2).
However, this discussion is in no
way intended to imply that the welfare
of pheasants in Illinois is in jeopardy
during the molting period. It is difficult
to imagine that a fat (winter-type)
pheasant would be better prepared
than a thin (summer-type) pheasant to
cope with the hot, humid conditions
that are characteristic of east-central
Illinois during July and August. Bald-
win & Kendeigh (1938:456) stated,
"heavier birds have a greater resist-
ance than do lighter birds to low tem-
perature over a period when obtaining
food is difficult .... At high air tem-
peratures the reverse is true. Lighter
birds generally have a greater resist-
ance to-heat, since the proportion of
their body surface area (internal and
external) to body mass is greater, and
surplus body heat may be dissipated
more rapidly." In birds growing new
feathers, heat loss may be enhanced by
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the presence of blood quills, which in-
crease the surface through which blood
flows (Breitenbach & Baskett 1967:
215).
While it is recognized that the molt-
ing of old feathers and the growth of
new ones place physiological stresses
on birds, the process is leisurely in
pheasants. In fact, condition parame-
ters of pheasants steadily increase in
value as the molt progresses (Fig. 6).
This leisurely molt is in sharp contrast
with that of Canada geese, in which all
primaries are lost simultaneously and
body weight decreases as the new
feathers increase in length (Hanson
1962a: 13). The greatest demands on
metabolic reserves in geese apparently
occur during the molt, whereas in
pheasants they occur during the breed-
ing and, for hens, the incubating peri-
ods.
Errington (1939:35) found that cap-
tive pheasants reduced to 671 grams
(75 percent of initial weight) by starva-
tion were capable of recovering to 94
percent of their initial weight after
being returned to "full feed" for 3
weeks. Of the pheasants examined
during my study, the only ones, ex-
cluding chicks, that weighed less than
700 grams were two adult hens collect-
ed during the molting period. These
birds weighed 659 and 679 grams, or
76 and 79 percent of the mean weight
of juvenile hens in winter. The sternal
muscles of these hens weighed 31 and
25 percent less than the mean weight of
the sternal muscles of wintering juve-
niles. The sternal muscles of juvenile
hens that had died of starvation
weighed about 75 percent less, on the
average, than those of winter juveniles
(Table 8). Hanson (1962a:54-55) re-
ported that the sternal muscles of adult
Canada geese weighed 32-33 percent
less during the nonflying stage of the
molt than they weighed during the
winter. I concluded, somewhat subjec-
tively, that hen pheasants in east-cen-
tral Illinois might be capable of reduc-
ing their body weight to 690 grams (80
percent of the mean weight of winter
juveniles) and their sternal muscles to
175 grams (75 percent of the mean
weight of the sternal muscles of winter
juveniles) without seriously affecting
their health and survival chances.
These values, intended to apply only to
hens actively molting, rarely occur
among pheasants in Illinois.
The summer-to-fall increases in the
mean body weight and the mean
weights of muscular tissues and fat
deposits of adult pheasants appeared to
be of sufficient magnitude to restore
metabolic reserves to levels similar to
those of wintering juveniles (Tables
2-4). When fall-collected adult birds
were compared with juveniles collected
during the same period, the former
appeared to be in better physical condi-
tion than were the juveniles (Table 6).
Juvenile pheasants would probably
suffer more than would adults from
inadequate food intake, which might
occur in Illinois following an unusually
severe snowstorm. The mean body
weights of adult hens and adult cocks
were 12 and ISpercentgreaterthan
those of juvenile hens and juvenile
cocks during the winter (Table 2). Fat
deposits were twice as large, on the
average, in adult hens as they were in
juvenile hens (Table 4). These differ-
ences were statistically significant
(P<0.05).
The evidence also suggests that adult
hens enter the breeding period in better
physical condition than do juvenile
hens (Tables 2-4 and 6). Thus, adult
hens might be expected to perform bet-
ter reproductively than juvenile hens.
Data on the status of reproductive or-
gans during the prebreeding period
suggested that adult hens become sex-
ually active at an earlier date than do
juvenile hens (Table 17), and linear
regressions implied that, for any given
date during the breeding period, adults
will have produced more eggs than
juveniles will have produced (Fig. 3).
Labisky & Jackson (1969:720), after
studying the production and weights of
eggs laid by captive pheasants, con-
cluded that "2-year-old hens probably
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represent the most competent repro-
ductive age-class in populations of wild
pheasants." These investigators went
on to state, "In east-central Illinois,
adult hens constituted 44 ± 2 (SE)
percent of the spring population of hen
pheasants during the 6 years, 1957-62
(R. F. Labisky, unpublished data).
Adult hens, of which 2-year-olds make
up the overwhelming majority in
spring, nest substantially earlier than
most yearlings (Labisky 19686:70,77);
not only the rate of success, but also
the clutch size, of early-season nests
exceeds those of late-season nests
(Labisky 19686:128, 186). Conse-
quently, 2-year-old hens may contrib-
ute proportionally more young to the
population annually than would be
expected on the basis of their propor-
tionate occurrence in the breeding
nock."
Hanson (1962(2:42) emphasized
that, in the management of Canada
geese, consideration should be given to
the quality of foods made available to
wintering birds. He specifically sug-
gested that dwarf varieties of sunflow-
ers, excellent sources of the sulfur ami-
no acids methionine and cystine, be
planted on refuges. While pheasants
differ greatly from geese in numerous
ways, the need for quality foods, par-
ticularly high-grade protein, is nearly
universal among avian forms. Young
pheasants and young bobwhite quail
{Colinus virginianus), like young
chickens, have high requirements for
methionine plus cystine, needing ap-
proximately 3.5 grams of these amino
acids per 100 grams of protein in a
26.5-percent protein diet (Scott, Holm,
& Reynolds 1963:680).
Unlike the opportunities offered by
wintering geese, opportunities to pro-
vide quality foods for pheasants are
limited, at least in Illinois, because
these birds are widely distributed over
their range throughout the year and
they occur primarily on private lands.
However, where acreages are avail-
able, plant species that produce seeds
containing large amounts of the sulfur
amino acids could be planted to pro-
vide these nutrients. The methionine-
rich, high-protein floury-2 mutant of
corn (Nelson, Mertz, & Bates 1965:
1470) should be particularly valuable
for this practice, since corn {Zea mays)
is an important food for pheasants
throughout much of their range. Fed-
eral, state, and local government hold-
ings; private hunting preserves; and
farmlands that have been removed
from production might be used for such
plantings. Roadsides might be suitable
in some areas, provided low-growing
plants are used. The amino acid com-
positions of the seeds of a large number
of plant species have been determined
by VanEtten et al. (1961, 1963, 1967)
and Miller et al. (1962a, 19626).
Winter feeding programs intended to
provide food for large flocks of pheas-
ants might be practical in some in-
stances, especially if emphasis is placed
on the quality of the foods that are dis-
tributed. However, because carbohy-
drates have a conserving effect on body
protein, a food low in proteins but high
in sugars and starches would obviously
contribute more to the welfare of these
birds than merely serving as a source of
calories. The importance of an ade-
quate diet for pheasants during late
winter is underscored by Gates &
Woehler's (1968:245) conclusion that
low body weights during this period
result in delayed egg laying and in ac-
celerated mortality of adult hens dur-
ing the summer.
SUMMARY ^
1 .—This study involved collecting
363 pheasants (274 hens and 89 cocks)
from wild populations in east-central
Illinois, weighing them, and dissecting
them to obtain, in addition to body
weight, weights or measurements of
muscular tissues, fat deposits, and in-
ternal organs. The pheasants were col-
lected during designated periods
(growth, fall, winter, prebreeding.
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breeding, incubating, and molting) of
the life cycle, 1966 through 1969. For
the purposes of this study, all pheas-
ants less than approximately 13
months of age— i.e., pheasants that
had not entered into their first post-
nuptial molt—were considered juve-
niles, and all other birds were consid-
ered adults.
2.—The mean relative weights (i.e.,
relative to body weight) of muscular
tissues (sternal muscles and legs) and
of fat deposits (fat strip and visceral fat)
were similar between the sexes during
the fall and winter periods. However,
hens, when compared with cocks, had,
on the average, relatively small sternal
muscles during the breeding and molt-
ing periods and relatively small legs
during the prebreeding and breeding
periods. Hens were, on the average,
much fatter than were cocks during the
prebreeding and breeding periods.
3.—The mean weight of the entire
bird and mean relative weights of the
fat deposits were lower for juvenile
hens than for adult hens during all pe-
riods except the incubating period.
The mean relative weights of legs,
however, were greater for juvenile
hens than for adult hens during the
fall, prebreeding, and breeding peri-
ods.
4.
—Linear correlations indicated
that the weights of sternal muscles, of
legs, and of fat deposits were positively
related to body weight. However,
when expressed on a relative basis, the
weights of sternal muscles and of legs
tended to be inversely related to body
weight, suggesting that the seasonal
variations in body weight were deter-
mined primarily by variations in the
amount of fat in pheasants.
5.—The mean body weights of juve-
nile hens, relative to their mean body
weights during winter, were 112 per-
cent during the prebreeding period,
120 percent during the breeding peri-
od, 99 percent during the incubating
period, and 94 percent during the
molting period. During the same peri-
ods, adult hens, compared with juve-
nile hens in winter, had mean relative
body weights of 132, 129, 102, and 94
percent, respectively. The mean body
weights of juvenile cocks, relative to
the mean body weight of the wintering
juvenile cock, were 112, 106, and 97
percent during the prebreeding, breed-
ing, and molting periods, respectively.
6.
—The mean body weight of adult
hens and of adult cocks increased an
average of 13 and 15 percent, respec-
tively, between the molting and fall
periods. These increases appeared to
be sufficient to restore metabolic re-
serves to levels similar to those of win-
teringjuveniles.
7.—Multiple regressions indicated
that (i) negative relationships existed
between body weight, or sternal mus-
cles, or legs, or fat deposits and the
independent variables—eggs laid and
collection date—for breeding hens; (ii)
negative relationships existed between
fat deposits and the independent vari-
ables—days of incubating and collec-
tion date— for incubating hens; and
(iii) positive relationships existed be-
tween body weight, or sternal muscles,
or legs, or fat deposits and the indepen-
dent variables
—
primary feathers molt-
ed and collection date— for molting
hens and molting cocks. Further test-
ing indicated that the second indepen-
dent variable—collection date—con-
tributed more to the regressions for
breeding hens and incubating hens
than the first independent variable
—
number of eggs laid and days of incu-
bating, respectively.
8.—Mean relative weights of the
heart and lungs were smaller, and
those of the pancreas and gizzard
larger, for hen pheasants than for cocks
during most of the annual cycle.
9.
—
^Juvenile pheasants, when com-
pared with adults, had, on the average,
relatively small reproductive organs
during the fall and winter periods but
relatively large gizzards and thymuses
during most of the annual cycle. Juve-
nile hens also had, on the average.
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proportionately larger livers, pancre-
ases, spleens, gizzards, parathyroids,
and thyroids than adult hens had dur-
ing the breeding period, apparently
because adult hens are exceedingly
heavy (fat) during this period. The
mean v\'eights of internal organs were
proportionately greater among young
growing pheasants than they were
among older birds.
10.—Changes in the mean weights
or measurements of organs associated
with the gastrointestinal tract indicat-
ed that digestive activity was at its
annual high in juvenile hens and adult
hens during the breeding period and in
juvenile cocks during the fall period.
The mean weights of the gizzard and
pancreas and the mean lengths of the
intestine, ceca, and colon of juvenile
cocks were at their maxima during the
fall period. Similarly, the mean weight
of the pancreas and the mean lengths of
the intestine, ceca, and colon of hens
were greater during the breeding peri-
od than during other periods in the
annual cycle.
1 1.—Cock pheasants appeared to be
in a state of extreme physiological and
behavioral stress during the prebreed-
ing period— i.e., the period of territory
establishment. The mean weights of
their legs, hearts, and lungs were in-
creased appreciably— implying in-
creased physical activity; their testes
were at 75 percent of full development
—implying elevated androgen levels;
and their adrenals were at maximum
annual size—implying a state of stress.
12.— Pheasants wintering in east-
central Illinois apparently experience
little difficulty in fulfilling their energy
requirements. The mean body weights
of hens were relatively constant during
the four winters in which pheasants
were collected for this investigation.
Furthermore, mean body weights re-
mained stable or increased slightly
from fall to winter and increased ap-
preciably from winter to the prebreed-
ing period.
13.—Hen pheasants appeared to
mobilize appreciable quantities of
muscular tissue and fat during the
breeding and incubating periods. The
fat strip and visceral fat of juvenile
hens and of adult hens decreased in
mean weight by more than 90 percent
from the prebreeding period to the
molting period. Similarly, the mean
weights of the sternal muscles of juve-
nile hens and of adult hens decreased
an average of 18 and 25 percent, re-
spectively, during the same time.
14.—The available evidence indicat-
ed that, among hens, muscular tissue
shrinks at a faster rate than do fat de-
posits during the breeding period,
while the reverse is true when the hens
are incubating.
15.— It is suggested that molting
hens in east-central Illinois might be
capable of reducing their body weight
to 690 grams (80 percent of the mean
body weight of winter juveniles) and
their sternal muscles to 175 grams (75
percent of the mean weight of those of
winter juveniles) without seriously af-
fecting their health and survival. These
values, intended to apply only to hens
actively molting, rarely occur among
pheasants in Illinois.
16.—The results of this investiga-
tion suggest that whenever feeding
programs are initiated for pheasants,
priority should be given to plant spe-
cies that are rich in the sulfur amino
acids. The high-methionine floury-2
mutant of corn should be especially
valuable for this purpose.
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